Background: The target of this study was to explore the outcomes of percutaneous coronary intervention (PCI) in diabetic versus non-diabetic patients with prior coronary artery bypass grafting (CABG) surgery. Methods: Seven hundred and twenty four patients who had previously received CABG and had been treated using PCI combined with drug-eluting stents (DES) between 2009 and 2017 were selected for a retrospective study and allocated into either a diabetes mellitus (DM) or non-diabetes mellitus (No DM) group. A 1:1 propensity scorematched evaluation was conducted and risk adjusted for analysis. The primary outcomes were cardiac death, myocardial infarction, heart failure and revascularization, with a median follow-up duration of 5.13 years. Results: After matching, two-, 5-and 8-year event rate of overall major adverse cardiac events (MACEs) were found to be higher in the DM group (No DM vs DM:15.3, 30.9, 38.5% vs 19.8, 37.8, 52.2%, respectively), although no significant difference was found in the event rate of overall MACEs (hazard ratio [HR]: 1.35; 95% confidence interval [CI]: 1.00 to 1.83 for DM vs No DM; P = 0.052), cardiac death (HR: 0.94; 95% CI: 0.45 to 1.95; P = 0.871), MI (HR: 1.49; 95% CI: 0.95 to 2.32; P = 0.080), HF (HR: 1.54; 95% CI: 0.90 to 2.63 for; P = 0.120) or revascularization (HR: 1.07; 95% CI: 0.72 to 1.59; P = 0.747). Subgroup analysis of PCI in only the NCA showed MACEs (adjusted HR: 1.13; 95% CI: 0.85 to 1.49 for DM vs No DM; P = 0.325), cardiac death (adjusted HR: 0.85; 95% CI: 0.41 to 1.78 for DM vs No DM; P = 0.781), MI (adjusted HR: 1.32; 95% CI: 0.84 to 2.01 for DM vs No DM; P = 0.069), HF (adjusted HR: 1.41; 95% CI: 0.87 to 2.27 for DM vs No DM; P = 0.211) or repeated revascularization (adjusted HR: 0.93; 95% CI: 0.64 to 1.37 for DM vs No DM; P = 0.836). Conclusions: Compared with non-diabetic patients with prior CABG, subsequent implantation of DES in the native coronary artery of diabetic patients resulted in apparently similar outcomes. Trial registration: This study was not registered in an open access database.
Background
Diabetic patients have a higher prevalence of coronary artery disease (CAD) than the general population, manifesting as diffuse lesions and severe atherosclerosis in the left main artery and multiple other vessels [1] , severe symptoms often developing earlier in life combined with a substantially poorer prognosis than non-diabetic patients [2, 3] . It has been reported that diabetes is considered a predictor of adverse events such as myocardial infarction (MI), repeat revascularization and cardiac death for patients who have undergone coronary artery bypass grafting (CABG) [4] [5] [6] .
For patients with prior CABG who require repeat revascularization, percutaneous coronary intervention (PCI) is usually the preferred strategy, rather than redo CABG, because of the low procedural mortality and similar long-term outcome [7, 8] , combined with placement o f a drug-eluting stent (DES) [9] . Despite a number of studies investigating the impact that diabetes has on the clinical outcome of PCI with DES in patients without prior CABG [10, 11] , little is known about the influence of diabetes on outcomes of PCI with DES in patients who have previously undergone CABG.
In this study, we retrospectively assessed the clinical data of non-diabetic and diabetic patients with prior CABG who had subsequently received PCI with DES, aiming to establish the impact of DM on the long-term outcomes of PCI for restenosis after CABG.
Methods

Study design
This study was a retrospective observational study conducted in Beijing Anzhen Hospital, Capital Medical University, Beijing Institute of Heart Lung and Blood Vessel Diseases, Beijing, China. A total of 724 patients with prior CABG were selected from the institution's PCI registry (2009 to 2017) who had undergone PCI with DES in a native coronary artery (NCA), following CABG surgery for coronary atherosclerotic heart disease in the same hospital. Patients were segregated into a diabetes mellitus (DM) or non-diabetes mellitus (No DM) group, according to whether or not they suffered from DM. All data were reviewed by one cardiac surgeon and two cardiologists, the latter contacting patients for follow-up outcomes by telephone, mail or visit. The study was approved by the Institutional Ethics Committee of Beijing Anzhen Hospital.
Definitions used in this study
Patients' data before PCI was defined as baseline data. DM was defined as either a previous diagnosis of DM treated with diet, oral agents, peptide analogs or insulin, or a new diagnosis after index hospitalization [12] before PCI. A graft with a stenosis of > 70% of its diameter was defined as stenosis. A graft with stenosis or occlusion was classified as a diseased graft in this study. The classification of ischemic territory was based on the results of coronary angiography (CAG) after re-hospitalization and also referred to the results prior to CABG. NCA related to ischemic territory was defined as relevant NCA. Paclitaxel-eluting and sirolimuseluting stents were defined as first-generation DES. Everolimus-eluting and zotarolimus-eluting stents were defined as second-generation DES. Procedural complications refer to complications post PCI. PCI failure was defined as failure to implant a stent at one lesion site.
The primary end-point was a major adverse cardiac event (MACE), defined as the combined incidence of either cardiac death, myocardial infarction (MI), heart failure (HF) or revascularization, as independently adjudicated by an events committee. Cardiac death was defined as any death due to MI, HF, lethal arrhythmia or sudden death in a previously stable patient [13] . MI was defined as: (1) elevation of myocardial enzymes such as cardiac troponin T (cTnT) or creatine kinase-muscle/brain (CK-MB) > 2 fold higher than the upper normal value and (2) changes in ST-segment and T-wave (ST-T) on electrocardiography [14] . HF was defined as hospitalization for progressive heart failure with clinical and radiographic signs. Revascularization was defined as undergoing a subsequent revascularization procedure by PCI or Redo CABG after discharge from the Department of Cardiology, Anzhen Hospital.
Statistical analysis
All results were analyzed using Stata SE for Windows, version 15.0 (Stata Corporation, College Station, TX, USA) statistical package and IBM SPSS Statistics for Windows, version 22.0. Categorical variables are presented as raw numbers (%) and continuous variables as means ± standard deviation. Comparisons of the DM and No DM groups were accomplished using a Fisher's exact test for each variable and Mann-Whitney-Wilcox nonparametric test for continuous variables. To reduce the impact of potential confounding on MACEs on the results of the observational study, 1:1 propensity score matching was conducted to choose patients with comparable baseline data. After evaluation of covariates associated clinically and / or statistically with the treatment group and removal of repeatedly defined or collinear variables, including baseline characteristics, risk factors, medical history, clinical conditions at admission and treatment during hospitalization, 36 variables listed in Fig. 2 were included in the propensity score matching model using greedy nearest neighbor matching without replacement and a caliper of 0.02. The absolute standardized difference in variables included for the calculation of propensity score were compared before and after propensityscore matching. The absolute standardized difference cutoff point for the variables included in the calculation was fixed at 10.0%. After matching, Cox proportional hazards regression analysis was also conducted to assess the association between variables and follow-up outcomes. Univariable Cox proportional hazards regression models were initially conducted, followed by multivariable Cox proportional hazards regression models. The candidate variables were potential confounding variables that were either mostly included in the propensity score matching model or reported more than once with an effect on cardiac death or MACEs. After forward stepwise selection with inclusion criteria both set at P = 0.2, the variables were eventually included in multivariable Cox proportional hazards regression models of cardiac death and MACEs, respectively. Outcomes were compared using a log-rank test and presented as Kaplan-Meier curves. For all analyses reported, P values were 2-sided. Statistical differences were considered significant for values of P <0.05.
Results
Baseline characteristics
In this study, 724 patients were included of which 351 patients (48.5%) exhibited DM. In the DM group, 43.3% of patients presented between 1 and 5 years after CABG and 33.0% between 5 and 10 years, as shown in Fig. 1 . The absolute standardized difference values before and after matching are shown in Fig. 2 . Following the matching, absolute standardized differences < 10.0% for those variables included indicated a relatively small imbalance.
The baseline characteristics are shown in Table 1 . After matching, there were 256 patients in each group, and the statistical difference in age (years), BMI, duration of period after CABG, numbers of patients that were >65 years old, had chronic lung disease, prior cerebrovascular accidents (CVA) or prior PCI were not as significant as they had been before matching the two groups. The characteristics of the CAGs of the diseased grafts and relevant NCAs are also shown in Table 1 , with no significant difference between the two groups before matching. The relevant indicators of blood sugar of patients such as glucose concentratrion and glycosylated hemoglobin (HbA1c) are also shown in Table 1 . Table 2 displays the procedural baseline characteristics, which are also included in the propensity score matching. After matching, PCI was mostly performed in NCA only (No DM: 87.1% vs DM: 87.9%) with first-generation DES used widely (No DM: 62.1% vs DM: 64.8%) in each group. A small proportion of patients also underwent percutaneous coronary angioplasty (PTCA) in addition to stent implantation (No DM: 7.4% vs DM: 9.0%) and PCI failure in stent implantation in one lesion site (No DM: 4.3% vs DM: 5.1%). EPD, rotational atherectomy, aspiration of thrombus or intravascular ultrasound (IVUS) were not greatly used in either group. Table 3 describes recorded procedural complications. After matching, the DM group exhibited slightly high in-hospital mortality, with a higher incidence of angina after 24 h (5.1%), periprocedural MI (1.2%), stroke (0.8%) and bleeding (1.6%), but there was no significant difference between the two groups.
PCI-related baseline characteristics
Procedural complications
Follow-up outcomes
Complete follow-up data were obtained in the overall study population, as displayed in Table 4 and Fig. 3 . The median follow-up duration was 5.13 years. After matching, Kaplan-Meier curves ( Fig. 4a ) indicated that the cumulative overall rate of MACEs was higher in the DM group at 2 years (No DM: 15.3% vs DM: 19.8%), 5 years (No DM: 30.9% vs DM: 37.8%) and at 8 years (No DM: 38.5% vs DM: 52.2%) (hazard ratio [HR]: 1.35; 95% confidence interval [CI]: 1.00 to 1.83 for DM vs No DM; P = 0.052), with an apparent increase in the difference between the two groups over time. The curves indicated that two-, 5-and 8-year incidence of cardiac death in each group (Fig. 4b ) were similar (No DM: 1.6, 5.8, 10.5% vs DM 1.2, 5.8, 9.3%; HR: 0.94; 95% CI: 0.45 to 1.95 for DM vs No DM; P = 0.871). There was also no statistical difference in incidence of MI (HR: 1.49; 95% CI: 0.95 to 2.32 for DM vs No DM; P = 0.080), HF (HR: 1.54; 95% CI: 0.90 to 2.63 for DM vs No DM; P = 0.120) or repeated revascularization (HR: 1.07; 95% CI: 0.72 to 1.59 for DM vs No DM; P = 0.747) between the two groups, although there was a trend that the incidence of MI or HF in the DM group increased over time.
Multivariable Cox proportional hazards regression ( Fig. 4 ) demonstrated that patients with hypertension (adjusted HR: 1.85; 95% CI: 1.32 to 2.59; P<0.001), aspiration of thrombus during PCI (adjusted HR: 3.37; 95% Fig. 1 Distribution of patients accepting subsequent PCI with DESs by time period after coronary artery bypass graft surgery, P = 0.261. PCI = percutaneous coronary intervention, DESs = drug-eluting stents CI: 1.05 to 10.84; P = 0.041), prior HF (adjusted HR: 4.30; 95% CI: 1.82 to 10.14; P = 0.001) or LVEF<50% (adjusted HR: 1.52; 95% CI: 1.07 to 2.17; P = 0.020) were more likely to suffer a MACE. Additionally, use of a statin provided protection from MACEs (adjusted HR: 0.57; 95% CI: 0.41 to 0.78; P = 0.001).
Subgroup analysis of PCI in different target vessels
To reduce the influence of PCI in different target vessels, we performed two additional subgroup analyses of patients that had undergone PCI only in the NCA or PCI in both the NCA and graft. The baseline characteristics of the two subgroups are detailed within Additional file 1: Tables S1, S2 and S3. The follow-up outcomes of the two subgroups are provided separately in Tables S4, S5 and Figures S1, S2.
The follow-up outcomes of patients that underwent PCI in only the NCA were consistent with all clinical endpoints experienced by the whole population. Compared with the non-diabetic patients who had previously undergone CABG, subsequent PCI in only the NCA in diabetic patients appeared to result in similar outcomes (Table S4 , Figure S1 Figure  S2 ), diabetic patients with subsequent PCI in both the NCA and graft were more likely to experience MACEs (adjusted HR: 4.00; 95% CI: 1. Figure S3 ).
When it came to the follow-up outcomes of patients with PCI with second-generation DESs (Table S10 , Figure S4) , diabetic patients with subsequent PCI with second-generation DESs were more likely to experience MACEs (adjusted HR: 1.76; 95% CI: 1.00 to 3.08 for DM vs No DM; P = 0.016), MI (adjusted HR: 1.90; 95% CI: 0.75 to 4.81 for DM vs No DM; P = 0.038) and HF (adjusted HR: 1.87; 95% CI: 0.72 to 4.89 for DM vs No DM; P = 0.018). The outcomes of cardiac death (adjusted HR: 1.10; 95% CI: 0.01 to 1.47 for DM vs No DM; P = 0.852) and repeated revascularization (adjusted HR: 1.67; 95% CI: 0.79 to 3.53 for DM vs No DM; P = 0.305) are similar between two groups.
Follow-up outcomes of patients with incomplete revascularization vs complete revascularization
We reviewed the coronary angiography files, 37 patients (5.1%) received incomplete revascularization (IR) by PCI and 687 patients (94.9%) received complete revascularization (CR) by PCI after CABG. Follow-up outcomes of patients with IR vs CR are shown in Table S11 . Compared with patients with CR, patients with IR are more likely to have MACEs (40.5% vs 33.0%), cardiac death (8.1% vs 4.8%) and MI (21.6% vs 14.1%), though there are no significant differences between two groups.
Discussion
We performed a retrospective observational study to explore the outcomes of PCI with DES in diabetic vs nondiabetic patients who had previously undergone CABG in our single-center registry. We found that, compared to non-diabetic patients with prior CABG, subsequent PCI within the NCA with DES in diabetic patients appeared to result in a similar overall incidence of MACEs, cardiac death, MI, HF or repeated revascularization, extending our current understanding of the safety and efficacy of DES even in high-risk patients with prior CABG. This suggests that a DES may be considered the default option in these patient populations. In this study we also found that hypertension, prior HF, LVEF<50% and aspiration of thrombus are predictive of overall MACEs and patients taking statins are less likely to experience MACEs. Our results were based on matching propensity scores, which suggests that our findings are not due to negative confounding.
Diabetic patients with CAD are reported to have dysfunctional endothelial cells, increased atherosclerotic burden and fragile lipid-rich plaques [15, 16] , microcirculation disorder involving smaller vessels, and prothrombotic and proinflammatory states [17, 18] , which are related to progression of NCA disease. It is confirmed that CAD in diabetic patients appears as diffuse atherosclerosis with chronic total occlusion (CTO), opening and bifurcation lesions or multivessel disease and left main disease [19] , leading to fewer amenable options for re-intervention and suboptimal stent expansion [8] . In this study, although the characteristics of the lesions in the NCAs relevant to ischemic territory are similar in both diabetic and non-diabetic patients, those in each group represent a high proportion of the CTO lesions, openings involving lesions, branches involving lesions or diffuse lesions. We consider that this is due to the combined CAD risk factors, such as hypertension, dyslipidemia, diabetes mellitus, fat, smoking and gender. In order to remove the influence of confounding CAD risk factors and to compare between the DM group and No DM group more precisely, we used the propensity score matching method, described in detail in the statistical analysis section. Atherosclerosis is also reported to play an important role in later graft failure (graft age >6 months) [8] . Graft atherosclerosis in diabetic patients has a larger necrotic core with unstable plaques [20] , which is friable and more prone to distal coronary embolization [2] . Compared with non-diabetic patients with prior CABG, diabetic patients have a higher rate of graft stenosis and recurrent myocardial ischemic events [21, 22] , due to the progression of NCA disease or graft failure [2] . In this study the majority of patients in each group had diseased grafts (81.2 and DES are superior to bare metal stents (BMS), in terms of their strut thickness and polymer coating composition, reducing repeat revascularization and in-stent thrombosis in addition to MI in non-diabetic patients [19] . Published literature indicates that PCI with DES in diabetic patients compared with non-diabetic patients results in significantly higher mortality, reinfarction, and repeat revascularization for in-stent restenosis [23] [24] [25] . The pathological mechanism of in-stent restenosis in diabetic patients is associated with excessive endothelial hyperplasia, vascular remodeling or increased platelet aggregation [12] . However, in this study we found different results, especially when performing additional subgroup analysis of patients with PCI in only the NCA, in that PCI in the NCA with DES in diabetic patients compared with non-diabetic patients did not result in a high incidence of cardiac death, HF or repeat revascularization, and the incidence of MI between the two groups was not significantly different. However, one key observation should be clearly noted, that patients in that study included those without prior CABG. Conversely, all patients included in this study underwent prior CABG in our cardiac center, which could be considered a pretreatment for diabetic patients and functions as protection. In addition, all were high risk patients, especially in the DM group. They were older with a greater number of comorbidities and had severe NCA or graft lesions.
The studies of Ahmed [26] and Ashfaq [27] reported the influence of DM on outcomes in saphenous vein graft (SVG) stenting, with similar conclusions, that PCI with DES in diabetics resulted in long-term overall rates of MACEs, death, MI and repeat revascularization that were worse than in non-diabetics, quite different from Pendyala's conclusion that diabetic patients undergoing SVG PCI had similar long-term outcomes [12] . In the present study, after analysis of the whole study population (after matching, n = 512), we found that the overall incidence of MACEs (DM: 37.5% vs No DM: 29.3%), principally driven by MI (DM: 18.4% vs No DM: 12.9%), were not statistically different between the two groups despite an increasing trend over time. Considering the conflicting data of all the patients that received PCI in the NCA and that a minority of patients were treated with PCI in both graft and NCA (No DM: 12.9% vs DM: 12.1), we performed further Tables 1 and 2 subgroup analysis of patients with PCI in only the NCA (n = 635). We found that, compared to non-diabetic patients with prior CABG, subsequent DES in only the NCA of diabetic patients appeared to result in similar outcomes, such as rates of MACEs, cardiac death, MI, HF and repeat revascularization. Additional subgroup analysis of patients with PCI in both the NCA and graft, despite the small sample size of patients in this subgroup (n = 89), demonstrated that, compared to non-diabetic patients with prior CABG, subsequent DES in the NCA and grafts of diabetic patients resulted in worse outcomes, consistent with Ahmed and Ashfaq's studies. According to the 2018 ESC/EACTS Guidelines for myocardial revascularization [2] , it is recommended that PCI in the NCA should be considered rather than PCI in an SVG graft, because that is associated with a high risk of periprocedural MI [28] and worse long-term outcomes such as all-cause death, MI or revascularization [29] for no-reflow, subsequent in-stent restenosis, distant target lesions and excessive tortuosity [8] , especially for PCI in an SVG of a diabetic patient for graft atherosclerosis with a larger necrotic core and friable plaques [20] .
In this study, we also provided follow-up outcomes of patients with IR vs CR by PCI. Achieving CR of all significantly obstructed coronary artery has been an established goal of PCI, and more recent data demonstrate a salutary effect of CR following PCI on long-term outcomes. IR is associated with increased mortality following PCI, as well as with an increased incidence of MI, repeat revascularization, and MACCEs [30] . Though, in our study the sample size of patients with IR was too small (5.1%), which would influence statistical results, we still believed that it made a little sense, compared with patients with CR, patients with IR were more likely to have MACEs (40.5%), cardiac death (8.1%) and MI (21.6%), though there were no significant difference between two groups. Further randomized controlled trial study with a larger sample size and longer follow-up may be required for patient with prior CABG.
Limitations
Firstly, this was a retrospective observational single-center study and so is subject to all the limitations of observational single-center studies, such as patient selection and a single therapeutic method, which might affect the results. Secondly, the angiography film results were analyzed by one cardiac surgeon and one cardiologist. Thirdly, the classification of graft lesions was in reference to the evaluation criteria of native vessels. Fourthly, the decision to perform PCI for each patient was taken by 2 operators, mostly based on an evaluation of the CAG results. Fifthly, 6 non-DM patients who had diabetes during the followup period were excluded from this study. Sixthly, we didn't do PS matching for sub-group analysis. Despite these limitations, the results were derived from the largest angiographic study in patients with prior CABG so far published. In addition, the statistical analyses utilized rigorous methodology.
Conclusions
Compared to non-diabetic patients with prior CABG, subsequent PCI in an NCA with DES in diabetic patients appears to result in a similar incidence of overall MACEs, cardiac death, MI, HF and repeated revascularization, suggesting that DES may be considered the default option for these patient populations. We also found that hypertension, prior HF, LVEF<50% and aspiration of thrombus are predictive for overall rate of MACE in diabetic patients with prior CABG. Patients that were administered statins were less likely to experience MACEs. 
